A field experiment was carried out during the two successive winter seasons of 2014/2015 and 2015/2016 at a private farm in El-Tour region, South Sinai Governorate, Egypt, to study the effect of planting dates, nitrogen sources and their interactions on dry weight, yield and its components and nitrogen use efficiency (NUE) of garlic (Balady cultivar) grown in sandy soil conditions using drip irrigation system. The obtained results could be summarized as follows: The interaction between planting dates on 15 th Oct. or 1 st Nov. and fertilizing plants with 100% of the recommended rate (RR) of N as poultry manure (PM) or and 50% RR of N as ammonium sulphate (AS)+50% RR of N as PM gave the highest values of each of dry weight of bulbs, leaves, and total dry weight/plant at 135 days after planting (DAP), N and P uptake by bulbs and leaves and total uptake of them by plant, yield of grades 1,2, exportable, marketable, total yield, average bulb weight and the highest values of nitrogen use efficiency (NUE). Whereas, the interaction between planting on 15 th Oct. and fertilizing plants with 50% RR of N as AS + 50% RR of N as PM gave the highest values of K uptake by bulbs and leaves as well as K total uptake by plant.
INTRODUCTION
Garlic (Allium sativum L.), a member of the Alliaceae family, is one of the most aromatic herbaceous annual spices (Kurian, 1995) . It is the second most widely spice crop of the cultivated Allium crops, next to onion in the world (Purseglove, 1975) with a characteristic pungent smell. In Egypt, the total cultivated area of garlic, was about 29688 fad., during 2016 season which produced 280216 tons with average of 9.438 tons/faddan (FAO, 2016) .
Planting dates plays an important role on the growth and yield of garlic. Garlic is known to be thermo and photo-sensitive crop (Jones and Mann, 1963 ) and its vegetative growth and bulb formation are greatly influenced by growing environment, such as cool weather and grows well in a well-drained soils (Rahim and Fordham, 1988 ).
There were significant differences between planting dates of garlic (15 th Sept, 1 st Oct., 15 th Oct. and 1 st Nov.) in this regard (Abdalla et al., 2011; Gunda, 2013 Excessive amounts of mineral nitrogen are applied to vegetables in order to achieve a higher yield. However, nitrogen fertilizer alone generate several deleterious effects to the environment and human health and also should be replenished in every cultivation season. Since, the synthetic N fertilizer is rapidly lost by either evaporation or by leaching in drainage http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master Plant Production Science water causing dangerous environmental pollution (Aisha et al., 2007) . Moreover, continuous usage of nitrogen fertilizer affects soil structure. Hence, organic manures can serve as alternative to mineral fertilizers, improving soil structure and microbial biomass (Dauda et al., 2008) . Therefore, the aims of this work are to study the most suitable planting date and evaluate the possibility of partial substitution of the expensive nitrogen chemical fertilizer by organic nitrogen to obtain high growth and best productivity of garlic under South Sinai Governorate condition.
MATERIALS AND METHODS
A field experiment was carried out during the two successive winter seasons of 2014/2015 and 2015/2016 at a private farm in El-Tour region, South Sinai Governorate, Egypt, to study the effect of planting dates, nitrogen sources and their interactions on dry weight, plant chemical composition, NUE and yield and its components of Balady garlic cultivar under sandy soil condition using drip irrigation system.
The used soil properties were: sandy soil in texture for the two experimental seasons, while it had 0.04 and 0.06% organic matter, 8.19 and 8.16 pH, 2.08 and 1.99 mmhos/cm EC, 4.07 and 3.98 ppm available N, 3.17 and 3.36 available P and 10.24 and 9.91available K in the 1 st and 2 nd seasons, respectively. This experiment included 20 treatments, which were the combination between four planting dates (15 th Sept., 1 st Oct., 15 th Oct. and 1 st Nov.) and five nitrogen treatments (100% RR of N as AS 20.6% N, 100% RR as compost, 100% RR as PM), 50% RR as AS + 50% RR as compost and 50% RR as AS + 50% RR as PM).
Recommended rate (RR) of nitrogen was 120 kg N/fad., 100% recommended rate of N as compost and poultry manure were about 11.11 and 3.39 ton/fad., respectively, whereas 50% recommended rate of N as compost and poultry manure were about 5.55 and 1.69 ton/fad., respectively.
These treatments were arranged in a split plot design with three replicates. The planting dates were devoted in the main plots, while nitrogen sources were devoted in the sub plots.
The experimental area was 10.8 m 2 it contained three drippier lines with 6 meter length and 60 cm between lines. Garlic cloves were selected for uniformity in shape and size and sown at distance of 10 cm apart in the two sides of the dripper line.
The analyses of compost and poultry manure (PM) fertilizers (average of two seasons were 1.08 and 3.53% total N, 0.62 and 1.18% total P, 0.84 and 1.72 5 total K, 379 and 160 ppm Fe, 210 and 168 ppm Mn, 32.4 and 33 ppm Cu as well as 129.5 and 174 ppm Zn for compost and PM, respectively.
The PM was obtained from a private Farm at El-Tour, South Sinai Governorate.
The amounts of compost, PM and one third of both ammonium sulfate, potassium sulfate and 100% P 2 O 5 as calcium superphosphate were added during soil preparation in the center of row and covered by sand. The rest of amounts of N and K fertilizers were added through irrigation water (fertigation) by 7 days intervals beginning one month after planting
The normal agricultural practices were carried out as commonly followed in district.
Data Recorded

Dry weight
A random sample of ten plants were taken from each plot at 135 days after planting (DAP) in both seasons of study for measuring the dry weight characters of garlic plants: The different parts of garlic plant; i.e., bulb and leaves were oven dried at 70ºC till constant weight and then the following data were recorded Dry weight of bulb, dry weight of leaves/ plant, and total dry weight (bulb +leaves) /plant. Nitrogen, phosphorus and potassium uptake (mg/plant) were calculated by element (%) in bulb or leaves x dry weight bulb or leaves x 10.
Yield and its components
At proper maturity stage of bulbs, bulbs of each plot were harvested and graded into four categories according to Ministry of Economic, Egypt (1963) as follow:
Grade 1: Bulbs with diameter above 5.5 cm, grade 2: Bulbs with diameter between 4.5-5.5 cm, grade 3: Bulbs with diameter between 3.5-4.4 cm, and grade 4: Bulbs with diameter less than 3.5 cm.
Each grade was weighed separately in the same day and the following data were recorded Exportable yield (grade 1+ grade 2) ton /fad., marketable yield (grade 1+ grade 2+ grade 3) ton/fad., and total yield (grade 1+ grade 2 + grade 3 + grade 4) ton/fad.
Average bulb fresh weight
Yield of bulbs /plot ‫ــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ Total number of bulbs/plot
Nitrogen use efficiency (NUE)
It was determined by dividing the bulb yield/ fad., by the nitrogen quantity/fad., and expressed as kg bulb/kg N according to Clark (1982).
Statistical Analysis
Statistical analysis was conducted for all collected data. The analysis of variance was calculated according to Snedecor and Cochran (1980), means separation were done according to LSD at 0.05 level. Table 1 show the effect of planting dates on the dry weight of different parts of garlic plants at 135 days after planting (DAP) in both seasons. Planting dates reflect a significant effect on the dry weight of bulb, leaves, and total dry weight/ plant. Planting dates on 15 th Oct. or 1 st Nov. increased dry weight of bulb, leaves and total dry weight/plant without any significant difference between them. The increase in total dry weight/ plant were about 41.38 and 25.25% for planting on 15 th Oct. and 41.11 and 25.93% for planting on 1 st Nov. over the planting on 15 th Sept. in the 1 st and 2 nd seasons, respectively.
RESULTS AND DISCUSSION
Dry Weight
Effect of planting dates
Results in
Planting dates plays an important role on the growth of garlic. Garlic is known to be thermo and photo-sensitive crop (Jones and Mann, 1963 ) and its vegetative growth and bulb formation are greatly influenced by growing environment (Rahim and Fordham, 1988) .
These results agree with those reported by 
Effect of nitrogen sources
Nitrogen sources had significant effect on the dry weight of bulb, leaves, and total dry weight/ plant at 135 DAP in both seasons (Table 2) .
Fertilizing garlic plants with 100% recommended (RR) of N as poultry manure (PM) or with 50% RR of N as AS + 50% RR of N as PM, increased dry weight of bulb, leaves, and total dry weight/plant (g) without any significant differences compared to 100% RR of N as compost in the 2 nd season.
The increase in total dry weight/plant were about 14.16 and 13.17% for 100% RR of N as PM and 16.74 and 14.37% for 50% RR of N as ammonium sulphate (AS) + 50% RR of N as PM over 100% RR of N as AS in the 1 st and 2 nd seasons, respectively.
Application of organic and mineral nitrogen fertilizers together may increase the exchangeable water soluble of NPK, and the uptake of these elements (Cooke, 1972) , consequently increasing cell division and cell enlargement. As a result, this might be reflected on the growth of garlic. Table 3 show that the interaction between planting dates and nitrogen sources had significant effect on the dry weight of bulb, leaves, and total dry weight/ plant at 135 DAP in both seasons. The interaction between planting on 15 th Oct. or 1 st Nov. and fertilizing plants with 100% RR of N as PM or and 50% RR of N as AS + 50% RR of N as PM gave the highest values of each of dry weight of bulb, leaves, and total dry weight/plant at 135 DAP in both seasons with no significant differences with some interaction treatments.
Effect of the interaction between planting dates and nitrogen sources
Results in
The increase in total dry weight/plant were about 66.94 and 42.52% for the interaction between planting on 15 th Oct. and 100% RR of N as as PM, 71.07 and 45.72% for the interaction between planting on 15 th Oct. and 50% RR of N as AS + 50% RR of N as PM, 39.44 and 43.17% for the interaction between planting on 1 st Nov. and 100% RR of N as PM and 70.56 and 44.98% for the interaction between planting on 1 st Nov. and 50% RR of N as AS+50% RR of N as PM over the interaction between planting on 15 th Sept. and 100% RR of N as AS in the 1 st and 2 nd seasons, respectively.
N, P and K Uptake and Total Uptake
Effect of planting dates
Results in Table 4 show that planting dates on 15 th Oct. gave the highest values for each of N, P and K uptake by bulb and leaves, N, P and K total uptake by plant with no significant differences with planting on 1 st Nov. in most cases at 135 DAP in the 2 nd season. On the other hand planting on 15 th Sept. have the lowest values in this respect.
The stmulative effect on N, P and K uptake by bulb and leaves may be due to that these treatments increased total dry weight/plant (Table 1) .
These results are in agreement with those reported by Ahmed (2002) and El-Zohiri and Farag (2014) on garlic.
Effect of nitrogen sources
Nitrogen sources had significant effect on N, P and K uptake by bulb and leaves and N, P and K total uptake by plant (Table 4) .
Fertilizing garlic plants with 50% RR of N as AS + 50% RR of N as PM gave the highest values of each of N, P and K uptake by bulb and leaves and N, P and K total uptake by plant with no significant differences with 100% RR of N as PM with respect to K uptake by bulb, total P and K uptake by plant.
In this regard, Cooke (1972) mentioned that when the organic manures decay in the soil, the nutrients may be released slowly which matches uptake by the plants, the processes of the organic fertilizer decay protect the plant nutrients from leaching.
Effect of the interaction between planting dates and nitrogen sources
The interaction between planting date on 15 th Oct. or on 1 st Nov. and fertilizing garlic plants with 50% RR of N as AS + 50% RR of N as PM gave the highest values of each of N and P uptake by bulb and leaves and total uptake by plant, whereas the interaction between planting on 15 th Oct. and fertilizing plants with 50% RR of N as AS + 50% RR of N as PM gave the highest values of each of P and K uptake by bulb as well as total K total uptake by plant (Table 5 ).
Yield and its Components
Effect of planting dates
Results in Table 6 show that planting dates reflect a significant effect on yield and its components as well as average bulb weight in both seasons. Planting garlic on 15 th Oct. or on 1 st Nov. increased yield of grades 1 and 2 and exportable yield, whereas planting on 15 th Oct. increased marketable yield and total yield as well as average bulb weight followed by planting on 1 st Nov.
As for yield of grades 3 and 4, results showed that planting on 15 th Sept. gave the highest values of yield of grades 3 and 4.
The increases in total yield were about 24.48 and 21.29% for planting on 15 th Oct. and 16.16 and 14.68% for planting on 1 st Nov. over planting on 15 th Sept. in the 1 st and 2 nd seasons, respectively.
The differences between planting dates in yield per faddan (Table 6 ) as a result of their variation in the total dry weight (Table 1) and total N,P and K uptake by plant (Table 4) 
Effect of nitrogen sources
Nitrogen sources had significant effect on yield and its components as well as average bulb weight in both seasons (Table 7) .
Fertilizing garlic plants with 100% RR of N as PM or 50% RR of N as AS + 50% RR of N as PM increased yield of grades 1, 2, 3 and 4, exportable , marketable and total yield as well as average bulb weight in both seasons.
The increases in total yield were about 10.78 and 7.83% for 100% RR of N as PM and 13.59 .20 20.11 6.09 9.40 RR: recommended rate (120 kg N/fad.), AS: ammonium sulphate, PM: poultry manure 100% RR of N (11.11 and 3.39 ton/fad.) compost and PM, respectively), 50% RR of N (5.55 and 1.69 ton/fad., compost and PM, respectively). RR: recommended rate (120 kg N/fad.), AS: ammonium sulphate, PM: poultry manure. 100% RR of N (11.11 and 3.39 ton/fad.) compost and PM, respectively), 50% RR of N (5.55 and 1.69 ton/fad., compost and PM, respectively). 100% RR of N (11.11 and 3.39 ton/fad.) compost and PM, respectively), 50% RR of N (5.55 and 1.69 ton/fad., compost and PM, respectively). and 9.21 for 50% RR N as AS + 50% RR of N as PM over 100 RR of N as AS in the 1 st and 2 nd seasons, respectively.
The positive effects of organic nitrogen may be attributed to poultry activated many species of living organisms, which release phytohormones and may stimulate the plant growth and absorption of nutrients (Arisha et al., 2003) . Such organisms need nitrogen and organic carbon for multiplication which is provided by the poultry manure. This is a plausible that use of organic nitrogen showed a beneficial effect on vegetative growth characters of garlic plants. Moreover, this organic manure improve nutrient availability in the root zone and accordingly reflected in increasing the dry weight, and bulb yield characteristics of garlic. In this regard, El-Hifny (2010) on garlic, found that the highest total yield was attained by using of FYM with the high rate (120 kg N/fad.) which increased the yield by 15.9% and 18.5% than the control treatment.
Effect of the interaction between planting dates and nitrogen sources
The interaction between planting dates and nitrogen sources had significant effect on yield and its components as well as average bulb weight in both seasons (Tables 8 and 9 ). The interaction between planting dates on 15 th October and fertilizing garlic plants with 100% RR of N as PM or with 50% RR of N as AS + 50% RR of N as PM gave the highest values of each of yield of grades 1,2 and 4, exportable, marketable and total yield as well as average bulb weight in both seasons, followed by the interaction between planting on 1 st Nov. and fertilizing garlic plants with 50% RR of N as AS + 50% RR of N as PM.
The increases in total yield were about 38.34 and 31.78% for the interaction between planting on 15 th Oct. and fertilizing with 100% RR of N as PM and 42.07 and 32.83 for the interaction between planting on 15 th Oct. and fertilizing with 50% RR N as AS + 50% RR of N as PM over the interaction between planting on 15 th Sept. and fertilizing with 100 RR of N as AS in the 1 st and 2 nd seasons, respectively.
Nitrogen Use Efficiency (NUE)
Effect of planting dates
Results in Table 10 show that, there were significant differences between planting dates regarding NUE in both seasons. 
Effect of nitrogen sources
Obtained results in Table 10 indicate that fertilizing garlic plants with different sources of nitrogen had significant effect on NUE in both seasons.
Fertilizing garlic plants grown in sandy soil with 50% RR of N as AS + 50% RR of N as PM recorded the best results of NUE (62.071 and 61.169 kg bulbs/kg N), followed by fertilizing plants with 100% RR of N as PM (60.544 and 60.390 kg bulbs/kg N), while fertilizing plants with 100% RR of as AS recorded (54.648 and 56.008 kg bulbs/kg nitrogen) in the 1 st and 2 nd seasons, respectively.
In this regard, Abdallah (2018) showed that fertilizing snap bean plants grown in clay soil with 50% RR of N as organic nitrogen +50% RR of N as mineral nitrogen recorded the best results of NUE (69.666 and 70.642 kg green pods/kg N) than 100% RR of N as mineral N (54.417 and 54.883 kg green pods/kg N) in the 1 st and 2 nd seasons, respectively.
Effect of the interaction between planting dates and nitrogen sources
The same data in Table 10 show that, the interaction between planting dates and nitrogen sources had a significant effect on NUE in both seasons. 
